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The title compound, C21H24O9, crystallizes with two indepen- 
dent molecules in the asymmetric unit which are almost 
centrosymmetrically related to each other. The ethanoate 
group in one of the two molecules is disordered over two 
positions with a site-occupation factor of 0.880 (7) for the 
major occupied site. In the crystal, the 1,3-diketone group 
exists in the keto-enol isomeric form due to the stabilizing 
effect of the intramolecular O— H- ■ O hydrogen bond present 
in this form. The compound packs as a layered structure in 
which C— H- ■ -7T and C— H- ■ O interactions are present 
within and between the layers. 

Related literature 

For the synthesis of the title compound, see: de Koning et al. 
(1991). This forms part of our research programme directed 
towards the synthesis of the natural phytotoxic naphtho- 
quinone, marticin, see: Pillay et al. (2012). 



ocHoCH, 



H,CO 




y = 98.748 (4)° 

V = 1980.67 (18) A 3 

Z = 4 

Mo Ka radiation 

Data collection 

Bruker APEXII CCD 

diffractometer 
19594 measured reflections 

Refinement 

R[F 2 > 2a(F 2 )} = 0.053 

wR(F 2 ) = 0.118 

5 = 0.84 

7793 reflections 

572 parameters 



Table 1 

Hydrogen-bond geometry (A, °). 



H = 0.11 mm 
T = 173 K 

0.39 x 0.16 x 0.07 mm 



7793 independent reflections 
3172 reflections with / > 2o(I) 
R in . = 0.083 



54 restraints 

H-atom parameters constrained 
Ap max = 0.21 e A~ 3 
A/> mi „ = -0.25 e A~ 3 



Cgl, Cg2 and Cg3 are the centroids of the C1A/C2A/C1A-C10A, C2A-C1A 
and C2B-C7B rings, respectively. 
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1.77 


2.499 (3) 


144 


07B-H7B •■■ 
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0.84 


1.77 
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C17B-H17Z)- 


■ O6B 1 
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2.43 
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139 


CWA-H19B- 
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3.419 (4) 
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2.47 
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C20A-H20B- 


■ 04B iv 


0.98 
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3.384 (4) 
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■ 04A" 


0.98 


2.57 


3.382 (4) 


140 
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0.98 
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3.460 (4) 


150 


C18A-H18.4 


■ -Cg3 vi 


0.98 


2.66 


3.486 (3) 


142 


C18/1-H18C- 


■ CgV 


0.98 
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3.844 (3) 
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3.522 (3) 


147 
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Symmetry codes: (i) 
— *i — y + 2, — z; (iv) x, y 


-x+l,-y + 2, 
- 1, z; (v) x,y + 


-Z + l; (1 
1, z: (vi) x- 


) -A' + 2,-y + 
- 1, y, z; (vii) x - 


l.-z + l; (iii) 
l,y.z. 



OCH, 



OCH, 



Data collection: APEX2 (Bruker, 2005); cell refinement: SAINT- 
NT (Bruker, 2005); data reduction: SAINT-NT; program(s) used to 
solve structure: SHELXS97 (Sheldrick, 2008); program(s) used to 
refine structure: SHELXL97 (Sheldrick, 2008); molecular graphics: 
PLATON (Spek, 2009) and SCHAKAL99 (Keller, 1999); software 
used to prepare material for publication: WinGX (Farrugia, 1999) and 
PLATON. 
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Supplementary data and figures for this paper are available from the 
IUCr electronic archives (Reference: BT6876). 



Experimental 

Crystal data 

C21H24O9 
M r = 420.40 
Triclinic, PI 
a = 6.8019 (4) A 



b = 12.3042 (6) A 
c = 24.3971 (12) A 
a = 100.002 (4)° 
B = 93.080 (4)° 
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(Z)-Ethyl 2-hydroxy-4-oxo-4-(1,4 r 5 r 6,8-pentamethoxynaphthalen-2-yl)but-2- 
enoate 

Adushan Pillay, Sanaz Khorasani and Charles B. de Koning 
Comment 

As part of our research programme directed towards the synthesis of the natural phytotoxic naphthoquinone, marticin 
(Pillay et al, 2012), we synthesized the title compound in one step from l-(l,4,5,6,8-pentamethoxynaphthalen-2- 
yl)ethanone (1) (de Koning et al, 1991). This was achieved as shown in Fig. 4 by treating (1) with diethyl oxalate with 
sodium ethoxide in THF to afford the title compound (2) as a bright red crystalline solid. 

The title organic compound crystallizes in the space group P -1 with two independent molecules in the asymmetric unit 
which are labelled as A and B in Fig. 1 . The molecules are almost centrosymmetrically related to each other, with the 
symmetry being broken by the ethanoate group of molecule A being disordered over two positions. The crystal structure 
shows that the 1,3-diketone moiety exists as the keto-enol isomeric form, with the enol-ether form being occupied due to 
the presence of intramolecular hydrogen bonding (Table 1). Strong intermolecular hydrogen bonding is present between 
pairs of B molecules in which H7B, which is involved in the intramolecular hydrogen bond with 06B, also interacts with 
06B of another molecule related by a centre of inversion (Fig. 2.; Table 1). Molecule A is not involved in any strong 
intermolecular hydrogen bonding. Molecules in the structure pack as a layers (Fig. 3) with C — H— O and C — Yi-n 
interactions acting within and between the layers. 

Experimental 

To a stirred solution of l-(l,4,5,6,8-pentamethoxynaphthalen-2-yl)ethanone (0.500 g, 1.62 mmol) and diethyl oxalate 
(0.474 g, 3.24 mmol, 2.0 equiv.) in dry tetrahydrofruan (50 ml) at 0 °C, sodium ethoxide (0.220 g, 3.24 mmol, 2.0 equiv.) 
was slowly added. The reaction mixture was then stirred vigorously for 3 h at RT before being acidified with an aqueous 
solution of hydrochloric acid (20 ml, 2.0 M). Ethyl acetate (20 ml) was then added to the mixture. The organic layer was 
then separated, dried over anhydrous magnesium sulfate, filtered and concentrated under reduced pressure. Column 
chromatography (eluant 10% ethyl acetate/hexane) of the residue afforded (Z)-ethyl 2-hydroxy-4-oxo-4-(l,4,5,6,8-penta- 
methoxynaphthalene-2-yl)but-2-enoate as a red solid (0.613 g, 90%); m.p. 117-118 °C; R f 0.55 (20% ethyl 
acetate/hexane); IR (film): F max = 3120 cm 1 (w, br, OH), 2979 cm" 1 (w, br, OH), 1818 cm 1 (s, C=0), 1594 cm 1 (m, C— 
OH), 1471 cm" 1 (m, C=C), 1371 cm" 1 (m, C=C), 1317 cm" 1 (m, C=C), 1252 cm" 1 (s, C— O— C), 1222 (s, C— O— C), 1183 
cm" 1 (s, C— O— C),; l U NMR (300 MHz, CDC1 3 ) S H 7.59 (1 H, s, H-2), 7.22 (1 H, s, H-6), 6.79 (1 H, s, 
COCH=C(OH)C0 2 CH 2 CH 3 ), 4.38 (2 H, q, 77.1, COCH=C(OH)C0 2 CH 2 CH 3 ), 4.04, 4.02, 3.99, 3.82, 3.78 (each 3 H, s, 
OCHs), 1.38 (3 H, t, J 33, COCH=C(OH)C0 2 CH 2 CH 3 ); 13 C NMR (300 MHz, CDC1 3 ) S c 192.5 (CO), 166.7 
(COCH=C(OH)C0 2 CH 2 CH 3 ), 162.7 (COCH=C(OH)C0 2 CH 2 CH 3 ), 154.8 (ArC-O), 154.1 (ArC-O), 153.1 (ArC-O), 
152.2 (ArC-O), 138.2 (ArC-O), 126.7 (C-l), 123.6 (C-3a), 116.6 (C-7a), 105.0 (C-2), 103.8 (C-6), 97.9 
(COCH=C(OH)C0 2 CH 2 CH 3 ), 63.8 (OCH 3 ), 62.3 (COCH=C(OH)C0 2 CH 2 CH 3 ), 61.9, 56.9, 56.8, 56.7 (4 x OCH 3 ), 14.1 
(COCH=C(OH)C0 2 CH 2 CH 3 ); HR-TOF-MS: m/z found 421.1499, [M— H] + (calculated for C 2 iH 25 0 9 , 421.1487). 
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Refinement 

All H atoms attached to carbon were positioned geometrically, and allowed to ride on their parent atoms, with C — H and 
O— H bond lengths of 0.95 A (CH), 0.98 A (CH 3 ) or 0.84 A (OH), and isotropic displacement parameters set to 1.2 (CH) 
or 1.5 times (CH 3 and OH) the (7 eq of the parent atom. The ethanoate group on molecule A was found to be disordered 
and as a consequence refined over two positions using SIMU, DELU, EXYZ, EADP and SADI constraints. The final 
occupancies for the two positions were 0.880 (7) and 0.120 (7). 

Computing details 

Data collection: APEX2 (Broker, 2005a); cell refinement: SAINT-NT (Bruker, 2005b); data reduction: SAINT-NT (Broker, 
2005b); program(s) used to solve structure: SHELXS97 (Sheldrick, 2008); program(s) used to refine structure: 
SHELXL97 (Sheldrick, 2008); molecular graphics: PLATON (Spek, 2009) and SCHAKAL99 (Keller, 1999); software used 
to prepare material for publication: fF;'«GX(Farrugia, 1999) and PLATON (Spek, 2009). 




Figure 1 

The molecular structure of (I), showing the atomic numbering scheme and intramolecular hydrogen bonding 
Displacement ellipsoids are drawn at the 50% probability level. 
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Figure 2 

Intermolecular hydrogen bonding between a pair of B molecules related by a centre of inversion. Also shown is the 
intramolecular hydrogen bonding within each molecule. 
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Figure 3 

Diagram showing the layered packing of molecules in the structure. C — H-0 and C — H— it interactions are present 
within and between the layers. 



OMe OMe O 



MeO 




EtO 




OEt 



OMe OMe O 



NaOEt 



MeO 




OMe OMe 
(1) 

Figure 4 

Reaction scheme for the synthesis of the title compound. 
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(Z)-Ethyl 2-hydroxy-4-oxo-4-(1 ,4,5,6,8-pentamethoxynaphthalen-2-yl)but- 2-enoate 



Crystal data 

C21H24O9 
M r = 420.40 
Triclinic, PI 
Hall symbol: -P 1 
a = 6.8019 (4) A 
b = 12.3042 (6) A 
c = 24.3971 (12) A 
a= 100.002 (4)° 
,5 = 93.080 (4)° 
y = 98.748 (4)° 
V= 1980.67 (18) A 3 



Z = 4 

F(000) = 888 

£> x = 1.410 MgnT 3 

Mo Ka radiation, 1 = 0.71073 A 

Cell parameters from 1943 reflections 

61 = 2.6-25.0° 

,0 = 0.11 mnT 1 

T= 173 K 

Needle, red 

0.39 x 0.16 x 0.07 mm 
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Data collection 

BrukerAPEXII CCD 

diffractometer 
Radiation source: fine-focus sealed tube 
Graphite monochromator 
<p and co scans 
19594 measured reflections 
7793 independent reflections 

Refinement 

Refinement on F 2 

Least-squares matrix: full 

R[F* > laiF 1 )] = 0.053 

wR(F 2 ) = 0.118 

5=0.84 

7793 reflections 

572 parameters 

54 restraints 

Primary atom site location: structure-invariant 
direct methods 



3 1 72 reflections with / > 2a(T) 
R mt = 0.083 

#max = 26.0°, # m j n = 1.7° 

h = -8^8 
/fc = -15->15 
/= -30^30 



Secondary atom site location: difference Fourier 
map 

Hydrogen site location: inferred from 

neighbouring sites 
H-atom parameters constrained 
w = ll[o\F 2 ) + (0.0343P) 2 ] 

where P = {F 2 + 2F 2 )/3 
(A/<7) max = 0.001 
Ay9 max = 0.21 eA~ 3 
Apmm = "0.25 e A" 3 



Special details 

Geometry. All e.s.d.'s (except the e.s.d. in the dihedral angle between two l.s. planes) are estimated using the full 
covariance matrix. The cell e.s.d.'s are taken into account individually in the estimation of e.s.d.'s in distances, angles and 
torsion angles; correlations between e.s.d.'s in cell parameters are only used when they are defined by crystal symmetry. 
An approximate (isotropic) treatment of cell e.s.d.'s is used for estimating e.s.d.'s involving l.s. planes. 
Refinement. Refinement of F 2 against ALL reflections. The weighted i?-factor wR and goodness of fit S are based on F 2 , 
conventional i?-factors R are based on F, with F set to zero for negative F 2 . The threshold expression of F 2 > a{F 1 ) is used 
only for calculating 7?-factors(gt) etc. and is not relevant to the choice of reflections for refinement. i?-factors based on F 2 
are statistically about twice as large as those based on F, and R- factors based on ALL data will be even larger. 



Fractional atomic coordinates and isotropic or equivalent isotropic displacement parameters (A 2 ) 
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-0.0120(11) 


-0.0098 (11) 


0.0210(12) 


06B 


0.0365 (15) 


0.0402 (15) 


0.0485 (15) 


-0.0080 (12) 


-0.0234 (12) 


0.0146(12) 


07B 


0.0422 (16) 


0.0465 (17) 


0.0394(15) 


-0.0008 (12) 


-0.0118 (13) 


0.0148(12) 


08B 


0.0370 (15) 


0.0413 (15) 


0.0463 (15) 


0.0024 (12) 


-0.0026 (12) 


0.0242 (12) 


09B 


0.0420(16) 


0.0589 (17) 


0.0525 (17) 


0.0091 (13) 


-0.0066 (14) 


0.0289 (14) 



Geometric parameters (A, ") 


CIA— CI OA 


1.373 (4) 


C21A— H21B 


0.9800 


CIA— OlA 


1.382 (3) 


C21A— H21C 


0.9800 


CIA— C2A 


1.436 (4) 


07 A — H7A 


0.8400 


C2A— C3A 


1.437 (4) 


CIB— OIB 


1.377 (3) 


C2A— C7A 


1.439 (4) 


CIB— C10B 


1.383 (4) 


C3A— C4A 


1.368 (4) 


CIB— C2B 


1.437(4) 


C3A— 02A 


1.369 (3) 


C2B— C3B 


1.436 (4) 


C4A— C5A 


1.391 (4) 


C2B— C7B 


1.444 (4) 


C4A— H4A 


0.9500 


C3B— C4B 


1.369 (4) 


C5A— 03A 


1.364 (3) 


C3B— 02B 


1.370 (3) 


C5A— C6A 


1.381 (4) 


C4B— C5B 


1.393 (4) 


C6A— 04A 


1.376 (3) 


C4B— H4B 


0.9500 


C6A— C7A 


1.408 (4) 


C5B— 03B 


1.364 (3) 


C7A— C8A 


1.450(4) 


C5B— C6B 


1.385 (4) 


C8A— C9A 


1.356 (4) 


C6B— 04B 


1.383 (3) 


C8A— 05A 


1.369 (3) 


C6B— C7B 


1.409 (4) 


C9A— CI OA 


1.425 (4) 


C7B— C8B 


1.443 (4) 


C9A— H9A 


0.9500 


C8B— C9B 


1.350 (4) 


C10A— C11A 


1.479 (4) 


C8B— 05B 


1.373 (3) 


C11A— 06A 


1.268 (3) 


C9B— CI 0B 


1.417(4) 


C11A— C12A 


1.446 (4) 


C9B— H9B 


0.9500 


C12A— CI 3 A 


1.343 (4) 


C10B— CUB 


1.488 (4) 


C12A— H12A 


0.9500 


CUB— 06B 


1.260 (3) 


C13A— 07A 


1.321 (4) 


CUB— C12B 


1.443 (4) 


C13A— C14A 


1.518 (4) 


C12B— C13B 


1.362 (4) 


C14A— 09A 


1.200 (4) 


C12B— H12B 


0.9500 


C14A— 08A 


1.337 (4) 


C13B— 07B 


1.326 (4) 


C15A— 08 A 


1.465 (4) 


C13B— C14B 


1.492 (4) 


C15A— C16A 


1.474 (5) 


C14B— 09B 


1.207 (4) 


C15A— HI 5 A 


0.9900 


C14B— 08B 


1.337 (4) 
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C15A— H15B 0.9900 

C16A— H16A 0.9800 

C16A— H16B 0.9800 

C16A— H16C 0.9800 

C15C— 08C 1.470(6) 

C15C— C16C 1.478 (7) 

C15C— H15E 0.9900 

C15C— H15F 0.9900 

C16C— H16G 0.9800 

C16C— H16H 0.9800 

C16C— H16I 0.9800 

C17A— 01A 1.435 (3) 

C17A— H17A 0.9800 

C17A— H17B 0.9800 

C17A— H17C 0.9800 

C18A— 02A 1.429(3) 

C18A— H18A 0.9800 

C18A— H18B 0.9800 

C18A— H18C 0.9800 

C19A— 03A 1.438 (3) 

C19A— H19A 0.9800 

C19A— H19B 0.9800 

C19A— H19C 0.9800 

C20A— 04A 1.435 (3) 

C20A— H20A 0.9800 

C20A— H20B 0.9800 

C20A— H20C 0.9800 

C21A— 05A 1.442(3) 

C21A— H21A 0.9800 

C10A— CIA— 01A 119.0(3) 

C10A— CIA— C2A 121.5(3) 

01A— CIA— C2A 119.4(3) 

CIA— C2A— C3A 123.2 (3) 

CIA— C2A— C7A 119.7(3) 

C3A— C2A— C7A 117.0(3) 

C4A— C3A— 02A 121.4(3) 

C4A— C3A— C2A 121.8(3) 

02A— C3A— C2A 116.9(3) 

C3A— C4A— C5A 119.8(3) 

C3A— C4A— H4A 120.1 

C5A— C4A— H4A 120.1 

03A— C5A— C6A 116.0(3) 

03A— C5A— C4A 122.5 (3) 

C6A— C5A— C4A 121.5(3) 

04A— C6A— C5A 117.1(3) 

04A— C6A— C7A 122.8 (3) 

C5A— C6A— C7A 120.1(3) 

C6A— C7A— C2A 119.8(3) 



C15B— 08B 1.453 (3) 

C15B— C16B 1.500(4) 

C15B— H15C 0.9900 

C15B— H15D 0.9900 

C16B— H16D 0.9800 

C16B— H16E 0.9800 

C16B— H16F 0.9800 

C17B— 01B 1.436 (3) 

C17B— H17D 0.9800 

C17B— H17E 0.9800 

C17B— H17F 0.9800 

C18B— 02B 1.440(3) 

C18B— H18D 0.9800 

C18B— H18E 0.9800 

C18B— H18F 0.9800 

C19B— 03B 1.437 (3) 

C19B— H19D 0.9800 

C19B— H19E 0.9800 

C19B— H19F 0.9800 

C20B— 04B 1.432 (3) 

C20B— H20D 0.9800 

C20B— H20E 0.9800 

C20B— H20F 0.9800 

C21B— 05B 1.436 (3) 

C21B— H21D 0.9800 

C21B— H21E 0.9800 

C21B— H21F 0.9800 

07B— H7B 0.8400 

CIA— 01A— C17A 113.2(2) 

C3A— 02A— C18A 118.5(2) 

C5A — 03 A — C19A 118.3(2) 

C6A— 04A— C20A 112.5 (2) 

C8A — 05 A — C21A 117.1(2) 

C13A— 07A— H7A 109.5 

01B— C1B— C10B 118.9(3) 

01B— C1B— C2B 119.7(3) 

C 1 0B— C 1 B— C2B 1 2 1 .2 (3) 

C3B— C2B— C1B 123.8 (3) 

C3B— C2B— C7B 117.0(3) 

C1B— C2B— C7B 119.2(3) 

C4B— C3B— 02B 121.0(3) 

C4B— C3B— C2B 121.5 (3) 

02B— C3B— C2B 117.6(3) 

C3B— C4B— C5B 120.5 (3) 

C3B— C4B— H4B 119.7 

C5B— C4B— H4B 119.7 

03B— C5B— C6B 115.5 (3) 
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C • /■ A rin a PO A 

C6A — C7A — C8A 


123.7 (3) 


f • i*\ * /in * PO A 

C2A — C7A — C8A 


116.6 (3) 


PA A P O A (•"if A 

G9A — C8A — 05A 


1 1 1 r /i\ 

122.6 (3) 


p r\ a PO A P'*7 A 

C9A — Co A — C7A 


121.5 (3) 


PC A P O A I~^H A 

(J5A — CoA — C7A 


1 1 C A /"? A 

115.9 (3) 


p o A /-" v\ A /" • 1 A A 

C8A — C9A — C10A 


111 1 /I \ 

122.1 (3) 


/-I o a pa a i rn a 

CoA — C9A — H9A 


1 1 A A 

119.0 


C 1 OA — C9A — H9A 


119.0 


C • \ A P 1 /\ ,\ PA A 

C 1 A — C 1 OA — C9 A 


1 1 O C /"5 \ 

118.5 (3) 


f • i a 1 A A P 1 1 A 

CIA — CI OA — C11A 


125.1 (3) 


PA a /"II A A P 1 1 A 

C9A — C l OA — C 1 1 A 


116.3 (3) 


/"v / a P 1 1 A /" < 1 1 A 

OoA — C 1 1 A — C 1 2 A 


1 1 O 1 /I \ 

118.2 (3) 


A 1 A P 1 A A 

(Jo A — C 1 1 A — C 1 U A 


117.4 (3) 


p i 1 a r<i 1 t ni a a 

C12A — C11A — CI OA 


124.4 (3) 


/" < 1 o A /' 1 i <-* a P 1 1 A 

C13A — C12A — Gil A 


1 1 A 1 /") \ 

120.3 (3) 


f • 1 a /" 1 1 1 A TT1 1 A 

C13A — C12A — H12A 


119.8 


P 1 1 A /"MIA TT1 1 A 

C11A — ClzA — HlzA 


1 1 A O 

119.8 


P"7 A P 1 ") A P 1 1 A 

OvA — C13A — G12A 


1 1 /I A /"> \ 

124.9 (3) 


A f 1 1 ") A P 1 /I A 

O/A — C13A — C14A 


112.6 (3) 


P 1 1 A P 1 T A A 

ClzA — CI J A — C14A 


111 C SI \ 

122.5 (3) 


pa a ni /i a p o a 

(J9A — C14A — (JoA 


127.0 (4) 


PiA a r<i /i a p 1 o a 

09A — C14A — C13A 


111 £L f A\ 

122.6 (4) 


O A ■< 1 >1 A P 1 1 A 

08A — C14A — C13A 


110.4 (3) 


PO A /"MCA pi /: A 

(J o A — C 1 5 A — C 1 6 A 


1 1 A /I /"? \ 

110.4 (3) 


PO A PICA TT1CA 

(Jo A — C 1 5 A — H 1 5 A 


109.6 


p \ S \ p< 1 c A TT1CA 

C16A — C15A — H15A 


109.6 


o A 1 C A T T 1 C 

OoA — C15A — H15B 


109.6 


pi £ A PICA TT1 CD 

CloA — C15A — H15B 


1 AA 

109.6 


TT1CA PICA T T 1 CT) 

HI 5 A — C15A — H15B 


1 AO 1 

108.1 


P 1 C A P 1 /" A tti /" A 

C15A — C16A — H16A 


109.5 


P 1 C A P 1 /" A T T 1 /" 1~1 

C 1 5 A — C 1 6A — H 1 6B 


109.5 


H16A — CloA — H16B 


1 aa c 

109.5 


C 1 5 A — C 1 6A — H 1 6C 


1 An c 

109.5 


TT 1 f A P 1 /" A T T 1 /"P 

H16A — CloA — H16C 


109.5 


T T 1 /'T) P 1 /" A Til /" p 

H 1 6B — G 1 6 A — H 1 6G 


109.5 


P 1 A A PO A PICA 

C14A — OoA — G15A 


116.9 (3) 


POP P1CP P 1 /TP 

08C — C15C — C16G 


1 AO ■*? ZO\ 

108.3 (8) 


q p p 1 £■ p T T 1 C T" ' 

08G — C15C — H15E 


110.0 


p 1 /'P p 1 c p t t 1 rr 

C16G — C15C — H15E 


110.0 


pop picp tti r r 

08G — C15C — H15F 


1 1 A A 

110.0 


P1/TP P1CP TT1CT7 

C 1 6C — C 1 5 C — H 1 5 r 


1 1 n n 
110.0 


TTI f r P 1 C P TTI f r 

H15E — G15G — H15F 


108.4 


P1CP P 1 /"P TT1/"P 

C15G — C16G — H16C- 


1 AA C 

109.5 


C15C — C16C — H16H 


109.5 


H16G— C16C— H16H 


109.5 


C15C— C16C— HI 61 


109.5 


H16G— C16C— HI 61 


109.5 


H16H— C16C— H16I 


109.5 


01A— C17A— H17A 


109.5 



nin pen p /i n 

<J3B — C5B — C4B 


123.7 (3) 


/■ • /_ r) pen /"• .i r> 

Cob — C5B — C4B 


1 1 A O /"} \ 

120.8 (3) 


p. /i r i PjCtj pen 

(J4B — CoB — C5B 


i n a /i \ 

117.4 (3) 


(J4B — CoB — C7B 


1 ^T^T T \ 

122.3 (3) 


PCTi PzTT) /"• ~7 r> 

C5B — CoB — C7B 


1 1 A 1 fi\ 

120.3 (3) 


C / Y) PTT5 POT) 

C6B — C7B — C8B 


1 T) A f") \ 

123.0 (3) 


P/Ti nnn P1T» 

C6B — C7B — C2B 


1 1 A O /") \ 

119.8 (3) 


POT) PTT) PIT* 

C8B — C7B — C2B 


117.1 (3) 


PAT) POT) P*CT) 

C9B — C8B — (J5B 


111 1 SI \ 

122.3 (3) 


PAT) POT) PTT) 

C9B — C8B — C7B 


111 C S") \ 

121.5 (3) 


PCT) POT) PTT) 

U5B — C8B — C7B 


116.2 (3) 


POT) PAT) P 1 AT) 

C8B — C9B — CI 0B 


111 1 /I \ 

122.2 (3) 


POT) PAT) TTAT) 

CoB — C9B — H9B 


1 1 O A 

118.9 


P 1 AT) PAT) TTAT) 

C 1 0B — C9B — H9B 


1 1 O A 

118.9 


P 1 T) P 1 AT) PAT) 

C 1 B — C 1 0B — C9B 


1 1 O O /") \ 

118.8 (3) 


P 1 T) P 1 ATi P 1 1 T) 

C1B — C10B — CUB 


126.6 (3) 


PAT) P1AT) P11T) 

C9B — C 1 UB — C 1 1 B 


1 1 A /" /I \ 

114.6 (3) 


f \ s T~> P11T) P11T) 

06B — C 1 1 B — C 1 2B 


in/ /o \ 

117.6 (3) 


Pi/"T) P 1 1 Ti P 1 AT) 

06B — C 1 1 B — C 1 0B 


1 1 T 1 /I \ 

117.2 (3) 


P 1 IT) P 1 1 T) P 1 AT) 

C 1 zB — C 1 1 B — C 1 UB 


1 1 C 1 \ 

125.2 (3) 


p 1 -■) T) P11T) pi 1 n 

CUB — ClzB — CI IB 


1 1 A A /") \ 

119.9 (3) 


P11T) P11T) TT11T) 

C13B — C12B — H12B 


1 1A 1 

120.1 


P 1 1 Ti P 1 1 T) TTI IT) 

CUB — C12B — H12B 


120.1 


Pt"7T) P1TT) P 1 IT) 

(J7B — C 1 JB — C 1 zB 


1 1 C "5 /"? \ 

125.3 (3) 


U /B — CI jd — C14B 


112.0 (3) 


P 1 1 T) P 1 1 Ti P 1 /I T) 

C12B — C13B — C14B 


111 O /") \ 

122.8 (3) 


PiAT) P1 /IT) AOTl 

09B — C 1 4B — 08B 


124.5 (3) 


PAT) p 1 A T) P11T) 

(J9B — C 1 4B — C 1 JB 


1 1 O /") \ 

123.8 (3) 


POT) P1/IT) P1")T) 

(JoB — C 14B — C 1 3B 


111.7 (3) 


/-\On P1 CT) P1 /"T) 

08B — C15B — C16B 


1 AT 1 /") \ 

107.3 (3) 


Pi OT) P 1 CT) T T 1 C P 

08B — C15B — H15C 


110.3 


/"> 1 /-TT pi ff) TTI 

C16B — C15B — H15C 


1 1 A 1 

no. 3 


/' 1 o ri / ' t CTj TT1 Cr\ 

U8B — C15B — H15D 


no. 3 


P 1 Z'T) P 1 C T) T T 1 C T~~\ 

C16B — C15B — H15D 


no. 3 


T T 1 C P P 1 CT) T T 1 CT\ 

H15C — C15B — H15D 


108.5 


P1CT) P1/"T) TT1 /" F"\ 

C 1 5B — C 1 6B — H 1 6D 


1 AA C 

109.5 


P1CT) P1ZTT) TT1ZTT7 

C 1 5B — C 1 6B — H 1 ob 


1 AA C 

109.5 


TT1 /" F"\ P1 /"T) TT1 / T~ 

H 1 6D — C 1 6B — H 1 6E 


109.5 


P1 CT) P1 /" IT"* TT1 /" I - ' 

C15B — C16B — H16F 


109.5 


tti r-r\ 1 ZTT> TT1 /^T7 

H 1 6D — C 1 6B — H 1 or 


1 A A C 

109.5 


TT1 HT~! 1 /^T> TT1 zlT7 

H16E — C16B — H16r 


1 AA C 

109.5 


Pi 1 T) P 1 TT) T T 1 TT» 

0 1 B — C 1 7B — H 1 7D 


109.5 


Pi 1 T) P 1 "7 1 - * T T 1 1 

0 1 B — C 1 7B — H 1 7E 


1 AA C 

109.5 


H17D— C17B — H17E 


109.5 


01B— C17B— H17F 


109.5 


H17D— C17B— H17F 


109.5 


H17E— C17B— H17F 


109.5 


02B— C18B— H18D 


109.5 


02B— C18B— H18E 


109.5 
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01A— C17A— H17B 109.5 

H17A— C17A— H17B 109.5 

01A— C17A— H17C 109.5 

H17A— C17A— H17C 109.5 

H17B— C17A— H17C 109.5 

02A— C18A— H18A 109.5 

02A— C18A— H18B 109.5 

H18A— C18A— H18B 109.5 

02A— C18A— H18C 109.5 

H18A— C18A— H18C 109.5 

H18B— C18A— H18C 109.5 

03A— C19A— H19A 109.5 

03A— C19A— H19B 109.5 

H19A— C19A— H19B 109.5 

03A— C19A— H19C 109.5 

H19A— C19A— H19C 109.5 

H19B— C19A— H19C 109.5 

04A— C20A— H20A 109.5 

04A— C20A— H20B 109.5 

H20A— C20A— H20B 109.5 

04A— C20A— H20C 109.5 

H20A— C20A— H20C 109.5 

H20B— C20A— H20C 109.5 

05A— C21A— H21A 109.5 

05A— C21A— H21B 109.5 

H21A— C21A— H21B 109.5 

05A— C21A— H21C 109.5 

H21A— C21A— H21C 109.5 

H21B— C21A— H21C 109.5 

C10A— CIA— C2A— C3A 179.7(3) 

01A— CIA— C2A— C3A 1.4(5) 

C 1 0 A— C 1 A— C2 A— C7 A 1 . 8 (4) 

01A— CIA— C2A— C7A -176.5 (3) 

CIA— C2A— C3A— C4A -175.9 (3) 

C7A— C2A— C3A— C4A 2.1 (5) 

CIA— C2A— C3A— 02A 5.2 (4) 

C7A— C2A— C3A— 02A -176.8 (3) 

02A— C3A— C4A— C5A 177.6 (3) 

C2A— C3A— C4A— C5A "1.2(5) 

C3A — C4A — C5A — 03 A -179.3 (3) 

C3A— C4A— C5A— C6A -0.5 (5) 

03A— C5A— C6A— 04A 1.1(4) 

C4A— C5A— C6A— 04A -177.8 (3) 

03A— C5A— C6A— C7A -179.9 (3) 

C4A— C5A— C6A— C7A 1.3(5) 

04A— C6A— C7A— C2A 178.7 (3) 

C5A— C6A— C7A— C2A -0.3 (5) 

04A— C6A— C7A— C8A -1.5(5) 



H18D— C18B— H18E 109.5 

02B— C18B— H18F 109.5 

H18D— C18B— H18F 109.5 

H18E— C18B— H18F 109.5 

03B— C19B— H19D 109.5 

03B— C19B— H19E 109.5 

H19D— C19B— H19E 109.5 

03B— C19B— H19F 109.5 

H19D— C19B— H19F 109.5 

H19E— C19B— H19F 109.5 

04B— C20B— H20D 109.5 

04B— C20B— H20E 109.5 

H20D— C20B— H20E 109.5 

04B— C20B— H20F 109.5 

H20D— C20B— H20F 109.5 

H20E— C20B— H20F 109.5 

05B— C21B— H21D 109.5 

05B— C21B— H21E 109.5 

H21D— C21B— H21E 109.5 

05B— C21B— H21F 109.5 

H21D— C21B— H21F 109.5 

H21E— C21B— H21F 109.5 

C1B— 01B— C17B 114.9(2) 

C3B— 02B— C18B 117.6(2) 

C5B— 03B— C19B 118.0(2) 

C6B— 04B— C20B 1 1 3 .9 (2) 

C8B— 05B— C21B 116.8(2) 

C13B— 07B— H7B 109.5 

C14B— 08B— C15B 115.7(3) 

OIB— C1B— C2B— C3B 6.8 (5) 

C10B— C1B— C2B— C3B -177.4 (3) 

OIB— C1B— C2B— C7B -174.0 (3) 

C10B— C1B— C2B— C7B 1.9(4) 

C1B— C2B— C3B— C4B 179.5 (3) 

C7B— C2B— C3B— C4B 0.2 (5) 

C1B— C2B— C3B— 02B -1.3 (5) 

C7B— C2B— C3B— 02B 179.4 (3) 

02B— C3B— C4B— C5B -177.8 (3) 

C2B— C3B— C4B— C5B 1.4(5) 

C3B— C4B— C5B— 03B 178.5 (3) 

C3B— C4B— C5B— C6B -0.3 (5) 

03B— C5B— C6B— 04B -4.9 (4) 

C4B— C5B— C6B— 04B 173.9 (3) 

03B— C5B— C6B— C7B 178.7 (3) 

C4B— C5B— C6B— C7B -2.5 (5) 

04B— C6B— C7B— C8B 7.8 (5) 

C5B— C6B— C7B— C8B -176.0(3) 

04B— C6B— C7B— C2B -172.2 (3) 
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C5A — C6A — C7A — C8A 179.5 (3) 

CIA— C2A— C7A— C6A 176.7 (3) 

C3A— C2A— C7A— C6A -1.3 (4) 

CIA— C2A— C7A— C8A -3.1 (4) 

C3A— C2A— C7A— C8A 178.9 (3) 

C6A— C7A— C8A— C9A -177.7 (3) 

C2A— C7A— C8A— C9A 2.1(4) 

C6A— C7A— C8A— 05 A 1.5(4) 

C2A— C7A— C8A— 05A -178.7 (3) 

05 A — C8 A — C9A — C 1 OA -178.9(3) 

C7A — C8 A — C9A — C 1 OA 0.2(5) 

01A— CIA— C10A— C9A 178.9 (3) 

C2A— CIA— C10A— C9A 0.6 (4) 

01A— CIA— C10A— C11A 3.6(5) 

C2A— CIA— C10A— C11A -174.8(3) 

C8A— C9A— C10A— CIA -1.6(5) 

C 8 A — C9 A — C 1 OA — C 1 1 A 174.2(3) 

CIA— C10A— C11A— 06A 162.6(3) 

C9A — C 1 OA — C 1 1 A — 06A -12.9(4) 

CIA— C10A— C11A— C12A -19.7(5) 

C 9 A — C 1 OA — C 1 1 A — C 1 2 A 164.8(3) 

06A— C11A— C12A— C13A 0.7(5) 

C10A— C11A— C12A— C13A -177.0(3) 

C11A— C12A— C13A— 07A 0.0(5) 

C11A— C12A— C13A— C14A 178.8(3) 

07A— C13A— C14A— 09A 19.6 (6) 

C12A— C13A— C14A— 09A -159.3 (4) 

07A— C13A— C14A— 08A -160.7 (3) 

C12A— C13A— C14A— 08A 20.4 (5) 

09A— C14A— 08A— C15A -0.3 (7) 

C13A— C14A— 08A— C15A -180.0(3) 

C16A— C15A— 08A— C14A -95.6 (5) 

C10A— CIA— 01A— C17A -94.7 (3) 

C2A— CIA— 01A— C17A 83.7(3) 

C4A — C3 A — 02 A — C 1 8 A 6.0(4) 

C2A — C3 A — 02 A — C 1 8 A -175.1 (3) 

C6A — C5A — 03 A — C19A 180.0 (3) 

C4A — C5 A — 03 A — C 1 9A "1.2(4) 

C5A— C6A— 04A— C20A -87.5 (3) 

C7A— C6A— 04A— C20A 93.5 (3) 

C9A — C8A — 05 A — C21A 2.6(4) 

C7A — C8A — 05 A — C21A -176.6 (3) 



C5B— C6B— C7B— C2B 4.0 (4) 

C3B— C2B— C7B— C6B -2.9 (4) 

C1B— C2B— C7B— C6B 177.8 (3) 

C3B— C2B— C7B— C8B 177.2 (3) 

C1B— C2B— C7B— C8B -2.1 (4) 

C6B— C7B— C8B— C9B -178.8 (3) 

C2B— C7B— C8B— C9B 1.1 (4) 

C6B— C7B— C8B— 05B 2.8 (4) 

C2B— C7B— C8B— 05B -177.2 (3) 

05B— C8B— C9B— C10B 178.5 (3) 

C7B— C8B— C9B— CI OB 0.3 (5) 

OIB— C1B— C10B— C9B 175.4(3) 

C2B— C1B— C10B— C9B -0.5 (5) 

OIB— C1B— C10B— CUB -7.6(5) 

C2B— C1B— C10B— CUB 176.5(3) 

C8B— C9B— C10B— C1B -0.6 (5) 

C8B— C9B— C10B— CUB -178.0(3) 

C1B— C10B— CUB— 06B -171.3(3) 

C9B— C 1 OB— C 1 1 B— 06B 5 . 8 (4) 

C1B— C10B— CUB— C12B 8.8(5) 

C9B— C10B— CUB— C12B -174.0(3) 

06B— CUB— C12B— C13B 5.3(5) 

C10B— CUB— C12B— C13B -174.9(3) 

CUB— C12B— C13B— 07B -3.2(5) 

CUB— C12B— C13B— C14B 178.6(3) 

07B— C13B— C14B— 09B -20.1 (5) 

C12B— C13B— C14B— 09B 158.3 (3) 

07B— C13B— C14B— 08B 159.6(3) 

C12B— C13B— C14B— 08B -21.9(4) 

C10B— C1B— OIB— C17B 92.4 (3) 

C2B— C1B— OIB— C17B -91.6(3) 

C4B— C3B— 02B— C18B -3.9(4) 

C2B— C3B— 02B— C18B 176.9(3) 

C6B— C5B— 03B— C19B 178.7 (3) 

C4B— C5B— 03B— C19B -0.1 (5) 

C5B— C6B— 04B— C20B 82.7 (3) 

C7B— C6B— 04B— C20B -101.0(3) 

C9B— C8B— 05B— C21B 2.1 (4) 

C7B— C8B— 05B— C21B -179.6 (3) 

09B— C14B— 08B— C15B 4.2 (5) 

C13B— C14B— 08B— C15B -175.5 (3) 

C16B— C15B— 08B— C14B 178.6(3) 



Hydrogen-bond geometry (A, °) 

Cgl, Cg2 and Cg3 are the centroids of the C1A/C2A/C1A-C10A, C2A-C7A and C2B-C7B rings, respectively. 

D—R-A D — H n-A D-A D—H-A 

01A—U1A-06A 0.84 1.77 2.499(3) 144 

07B— WB-06B 0.84 1.77 2.497(3) 143 
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Symmetry codes: (i) -x+1, -y+2, 


-z+l; (ii) -x+2, -y+l, -z+1; (iii) -x, 


->H-2, -z; (iv) x, y—\ t 


z \ (v) x,y+\,z; (\i)x+\,y,z 


; (vii)x-\,y, z. 
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